A Scanning Electron Microscope (SEM) has been modified to probe infrared detectors operating in a cryogenically shielded environment. A reduced infrared photon background is obtained by incorporating the SEM objective aperture as part of a liquid helium cooled radiation shield which surrounds the device under test. Use of this equipment will facilitate determination of the response mechanisms of long wavelength detectors to ionizing radiation.
INTRODUCTION
Long-wavelength infrared (LWIR) detectors require a low-temperature, low-photon operating environment. The detectors are sensitive to ionizing radiation, with effects associated with single radiation pulses, persistent dose rate noise, and total dose degradation.
Testing for these effects is complicated by the operating environment required. For example, testing for persistent dose rate noise (gamma noise) is typically done by exposing detectors housed in cryogenic chambers to Co-60 gamma radiation. The difficulty with this approach is that Compton electrons penetrate the sample volume with variable energies and trajectories because of random origin and scattering, producing a poorly characterized ionizing environment.
The resulting pulse height distribution must be interpreted in terms of these random excitations, which causes considerable uncertainty in evaluating the experimental data. Total dose testing can also be accomplished using Co-60 cells, but large sources are generally required to obtain significant doses in a reasonable time. Selective dosing of samples or devices is not possible with this approach. Other testing methods must also accommodate the requirement for cryogenic operation. 
EXPERIMENTAL
The apparatus is conceptually illustrated in Fig. 1 . An SEM normally has an aperture of 100 to 600 micrometers diameter placed within the magnetic objective lens which is near the bottom of the SEM column. The objective lens focuses the beam onto the sample. The scan coils are also proximate to the objective aperture and the deflection point for the beam scan is thus near the end of the column. By removing the original objective aperture and placing an aperture in a liquid helium cooled shield as close as possible to the end of the SEM column, the cold shield aperture effectively becomes the objective aperture. Since the aperture is no longer precisely at the deflection point, the area which can be scanned with this configuration is not as large as would be the case for the original geometry. However, if the aperture is close enough, and the working distance to the sample is large enough, a significant scan area can still be obtained. The distance from the aperture to the sample must also be made larger than would be usual for an SEM in order to reduce the IR photon flux at the sample.
Also illustrated schematically in Fig. 1 [4] The ability to apply regular repetitive pulses enables the use of signal averaging techniques not possible using gamma ray sources. This capability is currently being exploited to investigate the persistent dose rate noise problem by observing the time dependence as well as the integrated pulse amplitude produced by controlled electron excitation.
The area illuminated by the beam is dependent on how the beam is focused. An SEN in its standard configuration can produce a beam spot of 100 nanometers or less. By modifying the geometry for this application, the resolution of the instrument is degraded. The design goal was to obtain a minimum spot size of 1 micrometer. Figure 3 shows a micrograph of a mesh taken using the 20 cm working distance. The holes in the mesh are 10 micrometers across, and the resolUtion of the micrograph is better than one micrometer. Because of the long working distance from the column to the sample, it was found that ambient magnetic fields, particularly at 60 Hz, would produce beam displacements of several micrometers. This problem was solved by fabricating magnetic shields for the apparatus, which reduced the beam "wobble" to less than a micrometer. Since LWIR detectors are typically about 100 micrometers across, the resolution available is adequate. For some experiments it may also be desirable to defocus the beam for larger area illumination. In this manner spot sizes of a few centimeters can be obtained. The area which can be scanned by the beam is about 3 cm in diameter for the 20 cm working distance. The flux of IR photons at the sample surface is one of the most important aspects in making measurements on LWIR detectors. If the flux is too great, the response of the samples becomes large and effects due to low levels of ionizing radiation are swamped. With the inner cold shield at a temperature of 20 K or less, it contributes negligibly to photon flux at wavelengths of less than 25 micrometers. The principal source of IR background therefore is the beam aperture. The maximum flux due to this source is easily estimated by taking the aperture to be a black body at 300 K and calculating the flux at the sample working distance. This depends on the aperture diameter and the working distance. The actual flux which is measured is somewhat less than obtained by the calculation. This is because the aperature looks out at a shiny surface which reflects the cold shields, and therefore is not a black body at 300 K. For wavelengths out to 25 micrometers, desired background levels should be on the order of lEll photons/sec-cm2. As indicated below, this level is attained.
The sample is cooled by conduction to a LHe reservoir. The minimum sample temperature is close to that of LHe, and can be controlled by a heater installed in the sample mount. LWIR detectors frequently require careful temperature control for proper operation.
RESULTS
To evaluate the operation of the apparatus at low temperature an As-doped impurity band silicon sample with several large area detectors was mounted and cooled. These detectors are sensitive to wavelengths out to about 25 micrometers. The detectors were previously characterized for responsivity in another apparatus. After cooling the sample temperature was measured to be 5 K. The 20 cm working distance and the 240 micrometer aperture were chosen for the test. This configuration gave a measured background flux of lEll photons/cm2-sec.
An electron-beam probe of 9 pA at 35 KeV was applied to the detectors. The resultant induced current as 22 nA. The ratio of the response current to the intrinsic charge generation rate for such a beam in silicon is 0.25. By varying the beam energy it would be possible to determine how much of the beam energy is lost before it reaches the active volume of the sample. The slope of the response versus beam energy would provide an apparent gain for electron beam excitation. This apparent gain would depend on the actual charge generation rate for both intrinsic and extrinsic processes and on the transport properties of the device. These measurements were not performed on this sample. Figure 4a shows a secondary electron image (SEI) of the sample made at room temperature with the shields not in place. The SEI detector cannot be practicably introduced through the thermal shields and therefore cannot be used in the low-background environment. In Fig. 4b , the cold shields are in place and an electron-beam induced current (EBIC) image of the sample is shown. An EBIC image is obtained by using the current induced in the sample by the beam to modulate the intensity of the display CRT to produce the image. All of the detectors are connected in parallel and are seen to be responding to the beam excitation. In addition, much of the area around the detectors was also found to be sensitive to the beam. It For these initial experiments no effort was made to quantitatively monitor the exposure of the sample. It was not expected that the sample would be particularly sensitive to total dose degradation. However, after the EBIC images were made (which involved some fiddling around) the leakage currents of the detectors were found to have degraded to the point that they exceeded the photocurrent due to the background flux by an order of magnitude. Prior to the irradiation the leakage currents were negligible.
CONCLUSION
Applications for this apparatus include testing for total dose degradation in specific areas of a sample, single pulse response, and investigation of persistent dose rate noise effects. The ability to control both the spatial and temporal dependence of the irradiation will facilitate elucidation of response mechanisms. Operation of this apparatus is relatively economical.
